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Abstra ct: Qinghailakeis the big gest o n ehl C hhl a･ 1tis a m o u ntahlO uSlake with a clos eddr ain agebasin
lo c ated in the n orth- e a sternQinghaトTibetplate a u. Sin c ethe begi ming ofthis c e ntury, thelakele v elhas
drop pedsignifica ntly a ndthelake are aha s shru nkdra m atically･ The w aterbalan c e a n alysis sho w thai the
deficit of w aterbudget aridthede creas e ofru n offisthe m ain re as o n ofthelakele v el falling･ In orderto
investigatethe cha nges of hydrologlC alc o nditio nswithinthelakebasin, a c atchm e ntr nodelc o upled wi tha
lakether m al m odel hasbe e nde velopedto siln ulatethelake w aterbalan c e a ndthe w aterther m alproperties
of LakeQinghaL T he sirn ulated w aterbala n ce and lakele v elarequite c o nsiste ntwith observ ations･ T his
rr10delc a nbe us ed irlthe e v alu atio n ofchangesin hydr ologlCalc o ndit o nsindu c ed bythe exter n al for clngS
s u chasthe clim ate changes.
Key w o rds:Q‡nghailake, sirn ulatio n ofw aterbalan ce, sim ulatio n oflakether m alregim e
I. tntr odu ctiorl
Lake Qinghai is the biggest orleinChin a andkn o w nwith a seriesdistinguishing chara cteristics s u ch as
v ast w a:ter are a, the highelev atio n a ndthe clo sed drAm basin as w ellasthe n atur alattr activ ela nds cape･
sincethe begin nl ng Ofth is c e ntu ry, thelakelev el hasdr opped dra m atical ly, whichhas C a used a･ s e ries
e n viro nrn e nta- pr oble m s, e.g･ dege n eratio n ofgr azing grassla nd ar o undthe lake, des erti fic ato nin the
be a ch are a, a e olia n er osion ofthe e xpo sedlakebed,de cre asein w ater sLIPpliesforirrigatきoh and in creas e
in the w atermin erality etc･ In the ce ntr al Asia, m o st of the w ell-kn o w ngreaLterlakes are fa cingthe s a me
e n viro n m e ntalpr ob一em s,in cludingthelakes such ast5Syk
-kul(Se v astymo v and S mir n o v a, 1 986)aTld
Aral Se a(Le o ntye v, 1986; GIa z ov sky, 199 0)･ T his study atte mpt to de v elop a m odel abo ut the
hydr ologlC al e n viro n m e nts in cluding the w aterbalan c e a nd w atertherrrlalpropertiesfo rthe fu rther
in v estigatio n oftheinteractio n sbetw e e nthe hydrologlCalregl m e andthe s urro u ndinge n viroり皿 e ntS･
2. T he Hydrography, Lake Le v el De cline a nd WaterB alan c e ofQinghai Lake
Qinghai Lakeislo c ated inthe n orth
- e a ste n.partofQi喝hai-TibetPlate a u(100
oE,3 7
DN)(Fig･ 1)･ Tthas a
closed basin in an are a of 2969 1 km
2
. M ost ofthe catchm e ntis c ov eredby graz･l ngland a nd alpln e Shrub
a nd m e ado w･ T he per m afr ostis widelyspre ading abo v e c a･ 3600m , a nd virtuallythere are n oforestin the
bash, o nly ali mited are a of desert, a ndso m eim gatedfar mla ndto the n orth a nd n orthe ast ofthelake･ But
thebasinis n otgla ciated. M or etha nforty riv ersflo wQhghaiLake, butsix oftheinno w s c o ntributed c a･
75 %ofthetotalrun off. T helo ngestaridgr eatestriv eris RI Buha, w;th adi･s charge v olu m eequ alto alm o st
halfofthetotalru n off.
The a,e a ofQinghaiLake has sbru Dksin c ethebegin ning ofthis ce nturyfr o m4980km
2in 1908to 4304
km2in 1986. Study o nthelake w aterbalan cein theperiod of195 8to 19 9O sho wsthat the e v apo ratio n
e x ce edingthe w ate rinputr esultedin the dr op ofthe lakelev el(Fig･ I)･ T he in v estigatio n of m oisture
c o ndition ofthelake basin shows a slightde creas e ofpr ecIPitatio nin the c atchm e nt are a, how ever, the
total mo winglake r u n off has declin ed c o nsiderablydu ringtlleperiod of 1958tothe e nd of 1 980s(Tab･ 1),
thisisthe m ain re as o n ofthelakelev el ね‖ingc oTltin uousLyduringthe period of195 8to 1 990(Qhl,1 993)･
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Fig.1The w如erbudgeta ndlakelev e‖luculalio n ofQingbai Lake a nd Llt e rel v a ntfTactors･
E･ e v apr atio ロ, P･prc cipitatio n. Q-ru n off, T-temperatL)re, ^ 1 ake ar ea, し h kele v cl,a- w aterbtJdget
也 _
_ - _ _ _ _ _ _ - _ _ _ _+土 山 迫 _
Lakelevel a .s.I.rn 31 95.99 3t9 5.3 7 3194.10
Lake are a km
2
45 22 4467 433 6
An n u alte mper atu re
oC -OL76 10･61 10･53
W interte mperature(Dec-Feb)
oC -I2.4 -12･1 -1 1･7
Evuanp.oia.tfoRn. Buha mmT(/!r To完… ……?3
1冨 冒3,芝与
Ru n offoftotal basin 1O
8
rn
3
19.1 16.03 12.82
Ru n offcoefTICie nt 0.19 0.176 0.I3 5
precipitation o v er the m m/yr 33 3. 293.8 288,9
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3. M odel Co nstructio n
T he c ornplete m odelru ns withthree s ub- m odels, o n eis the一akether m odynamjc m odel which is us edto
sh u】atethe s urfa cete mperature and estil--atetlle e v apor atio n, thefo r m atio n a ndtha w ofic e a nds n o w･
The otheristhe c atcll m ent m odelthatis designedto m odelthe r u n off fe ed ingthelake, a ndthethirdisthe
lake w ate rbala nc e m odel whichis us edto predict thelakelev elcha nge1
3 .1 T herrr)odyn arnic rr10deloflake
Thelakether m al m odelisdev eloped byHosteler a ndBartlein(1 990)a nd us ed ”this studyin ordertoget
precis e estim ates of ev apo ratio n･ Tl-isis aphysIC allybas ed eddydiffu sio n m ode)that silTullateslake
te mperature a nd ev apo ratio n fro m an input set of ln ete O rOlogic al v ariab)es(short
- w av e r adiatio n,
atm osphericlo ng- w a v e r adiatio n, airte mperature, windspe ed and air v aporpress ure). T he m odelequ atio n
lSW ritte n as
芸一志芸A(I,[km I K(I,I,]･去去讐 (.,
whereT lakete mperature, I thn e, Itakedepth, A(I)the are a oflake atdepth I, kn,r n ote c ula r c o ndu cdvity,
K(I.i) eddy c o ndu ctivity, C the he at c apa city of w ater, a nd声ahe ats oLLrC et rlTl rep s e nti g s ubs u rfa ce
abs orption ofs o一ar radiatio n･ At the s urfac e of lake,the Eq･(1)is substituted bythe bo u ndary c o ndit o n
a nd en ergybala n ce and w ritte n
[km ･ K(I,I)】筈- Qf(ト α)･QJd - Q,” ±Qe I- Qh (2)
whereQ.y is do w n w ard short- w a v e r aditio n, α lake s urfac e albedo, Qlddo w n w ard lo ng
- w a v e r aditiotl
fr o mthe atm osphere a ndQ'u upI W a rdlong
- w a v e r aditio nfro mthe一ake s urfa ce, Qe andQh nu 又 Of late nt
and se nsible heat respectiv ely. For a relativedeeplake,itis v alidto ass uIT'e n Ohe at tr an sferbetw ee n
u nder一yinglake sedim e nts a nd w atel
.
, S Otllat theEq･(I)be co m es
【km ･ K(z,I)]筈- o (3)
ln orderto applythis m odelto Qinghai Lakebasin, s o m e rn odiflC atio n s are made ac c ordingto thelo c al
char acteristics s uch asthe f一u x ofdo w n w ard adiatio n and e v aporatio n(Qin a nd Hu a ng, in press)･ 1n
addito n, theice a nd s n o wfo r m atio n and m elt m odel hasbe e nde veloped arid e mbedded insidethe lake
the m l am odel du ring winter seaso n. T he equ atio nfortheic efor m atio n andtha wis(De Bruin and Wess els･
1988):
昔ニ ー(土語,- (号, (6)
wher eG a m ou nt ofper u nit are a a ndtim e, Qw heatflu xfro mthe waterto theicelayer, plde nsity of
w ate r and lm late nthe atofm elting orfre e zhlg, E w ater v apornu x･ G is deter min ed by
G - Q - Qe - んE = Qn ＋ JuT - Ts) (7)
in whichQisthe globals olarradiatio n and Teisthe equilibriu mte mperatu regive nby
T
Q
= I:＋Qn/ Ae (8)
T he s urfa cetem peratureT,i主glV e nby
T
r
= Tr ＋(A,hj/ k.)(Te
- T
/
- Qj/ Ae) (9)
whereTf thefree z] ng point･ Arisdeter min ed asfo一low s
1/A, - 1/Ae ＋ hi / ki (10)
in which A,a ndkiisic ethickn ess a nd he atc o ndu ctivity, Qjisthe s olar r adiatio ngotin sidetheic elayer and
ide ntified as 75% ofn etr adiatio nQh . M aking us e ofabo ve equ ation s, theicethickn esshi C a nbe derived
from follo w l ngequ atio n:
- 295 -
4p.雷ニ ー A,(Te - T/)- Q坪 (ll)
whereT
e
< T/ foricegro wth andT, = T/ fo ric e m elt.
Duringthefro stperiods,the s n o wil be sto redupabo v etheic e she etinthe co olhgstage andpriortotlle
ic ethawingtobe m elted whe nthe w e athertu mto be w ar111. T he up-layer s n o w c o v el
･
age has thedifferent
therrn alc o ndu ctivity. Thusthe equ atio n(10)c a nbe re･ w ritte n as:
1/ A
,
= 1 / A
e
＋h
i
/ A
,
＋h
.T
/ k
.
(1 2)
whereh
.
ar)d k.y the s n ow deptll a ndthe nTlalc o nductivity･ ks is dete rmirled by:
k
s
芸3･10
-6
p
.,
2
(13)
wherepsthedensityofsr)o w which is deter min edbythetim e ofs n o w aging a nd thedepth ofs n o w co v er.
lf Rj isthe pre czpitatedsr)o w m ass atjthday afterthefirsts n o w mg a ndthe c orrespo nd ings n o wde nsitylS
p7
1
,
thusthe snow depth ofjth dayJS:
ノ
h
,.
- ∑RJ/p, (14)
ノ;1
a nd
ノ J
h
s
/ k
s
= ∑h,/ k.T, ≡∑R,/(k.TjP,) (15)
ノ℡】 ノー】
The s n ow de nsityis appr o xhTlate)yestiJTlated by(De B ruin a nd Wess e15, 1988):
p,
= 90＋0･5(J - j)Af (16)
whereJ istheday whichhas s n o w i ng and ∫isthetotals n o w l ngdays. Similarly,the s n o w albedo c anbe
estim ated by(De Br uirl a nd Wessels, 1988):
a
j
= 0･951 0･002(I - JAt (16)
withthe equ atior)らfナo rrl(6)to(16), theicethickn ess a nd form hg a nd m eltingpro c ess es, s n o wdeptha nd
snow ag]ng pro cesses c anbepredicted･
3.2Catchm e ntM odel
The c atchm e nt m odel is developed to sim ulate the ru n off feedhlg the lake. The prL m ary V ersio n w as
developed in Hohai Univ ersity, C hin a, a nd kn o w n asthe Xin- An -Jiang m odel(Zha o, 1 984, 1992), W ith
the basic co n cept ofthelocal m assbala n ce at o n epoint, the ru n offoc c urs only on the repletio n ofthe
te nsion water Storage at thatpoint So m e sim p)ific atio ns oftlle m odelstr u ctu reha v ebeen m ade whe nthe
m odel is applied･ Only s urfa ce a nd gro u nd run off are c o n sider ed a nd dis crimin ated with the stable
h filtr atio n r ate ･ T hesurfa ce r u n offis ass u m edto e mptyirltOthelakei-nthe c urr er)t m onth a ndthe gro u nd
ru n offare ro uted fol)o w lng grO u ndw ater reser voi ･ T he potentiale vapo ratio nis calc ulated withthe simple
clim atic par a m eters(S huttle w orth a nd Wa]lac e, 1 984;Shuttlew o rth et al. , 19 88), ther) co n v erted to the
actu ale v ap(〕tra nsplr atioll r ate.
3 .3 Lake w aterbalallCe m odel
Thelake)e v elcha ngeis deri
-
v edfro mtl-elake w aterbudget,thatis
H? - Hl ＋ P
- E ＋ R (1 7)
whereH/ a nd H2thelakele v el ofthe beginn mg andthe e nd ofthe tim e steprespectiv ely, P a nd Ethe
precipitation and ev aporation ov er the lake s urfac e, R the r u n off(surfac e r u n offa nd gro u nd r u n off)
flo winglake･ T his m ode[ ru ns m o nthly step･ Foreach m o nththe mput a nd o utputreprese ntthe valu es of
c urre ntstep･
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4. Res ults
The sim ulated ru n off is n go od agre e m e nt withthe obs er v ed ru n off(Fig. 2). The c orrelatio nbetw e erlthe
sirn ulatio nand obse rv atio nis O･8 in a n n u a一 nd O･95in m o nthly s equetlCe･ Ne arlythre e-fo urth sim ulated
run off m atchthe observ atio n withthe de viatio nlesstha n25 %･ T he e xtre m elyno oded1 967 causedthe
sirr)ulated c urv e of ru n offto de viate fro mthe obs erv ation signific aDtly･ T his m ay rene ct the u n e v e n
distributio n ofpre ciptatio n estim atesin spacedu etoless rainfau obser v edgauges, e speciallylnthe alpln e
area･ In addito n, the sim L)1atio n sho w stllat the slightlyfauingtre nd ofpreclpitation o ver the catchm e nt
res ultsirlthe relativ elysignific a ntredu ctio n oftotalru n off, which is ass o ciated witl‖11edra m atic de creas e
ofs oiltensile w aterle adingtothe redu ctio n ofthepr odu ctivity ofru rIOff.
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Fig.2 Thesin u]ateda nd obsery edr unoffwith htheQhghailakebash ･
T he lake therTTl al m odelpr edicts taking placein the a utu m n, i･e ･ August at-aSeptember when thelake
w ateris w ar m est(Fig, 3), In theice cove rperiod,the e v aporationis abo ut20m m/m o nthto35 m m/rn o nth･
The m o nthly v ariation ofsirn ulated w ater s urfac ete mperatureis clo seto the tr e nd of cha nges in air
te mperatur e v aried fr o m
-12
oC in winterto1 6oC iq autu mn･ a ndthe1-ighest w aterte mpera王ureis G al 2 0
o
to
25
o
.
T he m a xim urnicethickn essis abo ut0.6-1,0 m eter a ndthe m axim u m s n o wdeptllis abo ut35m ll一･ T he
le ngth ofice and s n o wis c a･ 133 days whichro ughly ac co unts for o nethird ofye ar ro u nd, startingin the
middle Dec e mber a ndtermin atingbeforethe end of Aprn(Fig･ 3). T he sim ulated cha nges ofte mper ature
in v ertic al directio n sho wthatthere are str atified layersin tllelake(Fig･ 4)･ T his stratific atio nsdiminish
duringthe winterand spring, but start to o
c c urin the s u m m er and c ulminate in tl- eAutu m n(Fig･ 4)･
unfortu n ately, there are n o obs ery atio nsto v alidate these predictio n s of w aterte mperature･ic ethickn ess
andsn o w c o v erage･
T he m odelpredicts a declin elakele v elbetw ee n195 8and 1 984, which m atchesthe obs erv edtre nd v ery
w ell(Fig. 6). The sim ulated anrlu alrate oflakele v el dropis
-10･O c m/yrthaiis quite c ompar able withthe
obser ved ･9.6 c m/yr･ Corr elatio nbetw e e npredictio n a nd obs erv atio n of lake lev elis ashigh asO･97･
over estim ates ofr u n off h 196 7als oprodu cethelargestdis creparlCy(abo utO･45rn)betw eerlthe obs erv ed
a nd sim ulated. ln ge n eral, ho w ev e r, the m odel hasdo n ebetterjob in the sim ulation of hydrologlCa]
c onditio n sin s u chTTIOu ntainbus a nd s e mi- aridlake basin.
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Fig. 5 The sim ulaLedand obs er
v ed Hakele v el hctu alio nfro m1 95呈Lo1986inQinlhailake･
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5 Co n clu siveRe m arks
T he sim ulatio n oflake w aterbudget and 一aketl-erlT) a】properties m akeitpo ssibletofulherevalu atingthe
impa cts ofe xtern alforcl ngS S u ch asthe cliln ate Cl-a nges or a nthropoge nic e n viro n m e nta) cha nges o nthe
hydrologic alc o ndit o ns oflake s u rro u nding areas, the w aterther m alregl m einsidethelakebody andthe
pote ntial charlgeS Ofaqu atic e c osyte m. Be c a us ethellydrologLCalc o nditiorlS a nd ec ologic ale n vir on m er)ts
in the aridor s e mi-a ridare as such asQinghai lake arebelie v ed m ore se n sitiv e and m ore vu1n er able tha n
the w ater res o urc es arLd aqu atic ec o syste m h the humi dreglOnS, this sho uld be attached m or eimporta n ce
to .
This research w orks als ois a atterr)pt to pr o vide a str ategytoin sightintotl-ehydrologlC alpro ces ses within
the lake basin
,
a nd furtherto in v estigate the interactio nbetw e e nthe hydr ologlC aL reglrn eS a nd the
s urr o u ndig en viro n m erltS7 For e x a mple,the sim ulatio n ofw ater v olu m e a ndther m alpropertiesispossible
to cr e ate alinkage betw e erlthe hydr ologlC alsyste m a nd e cosystem within the一ake. But the catchm e nt
m odeltlS ed hereis stillalu mped arid integr atedhydr ologlCal m odel which is u n able to c o nsiderthe
spatialheteroger[eotJS Oflandsc ape a ndthe hierarchy of hydrologlC atregnTle,thusthis kind m odel w o uld
belirrlitedinthe applic atiorL Ofe xtr apolatio ninthepredictio n of future c o ndit o ns a ndtheiflV eStigatio nof
theintera ctio nsbetw e enthehydrologtc alpro cesses a nd atm osphericpro c ess es, betw ee nthe hydrother m al
and hydrodyn amic pro c esses a nd qu atic ec osytern･ T hes eprob】e m swi 11 be studied in the c o m lng
res earch pr oje cts S u ch asthe
"
The physic ally
-bas ed distributed hydr o]oglCal m ode)a ndthe applic atio nirl
LakeQinghai
''fu ndedbythe C hine seNatio nal Scie n ceFo u ndatio n.
Ackn owledgm e nt
T his res e arch w o rkis 氏lnded by the C hin eseNatu ral Scie n c eFo u ndatio n･ We tha nk Sa ndy Harris o n,
Ste v eHo steller and Jury Vassilje yfor offering the pr ogra m of lake ther m al m odel a nd constru ctiv e
suggestions ･ M a nytha nks to Sandy Harris oTI Who glV ethe critic al c o m m e nts ar)d English edit. T ha nks
als oto G ･ Yufo rthe helpfulc o m m e ntstO r evis ethe m a n us cript and Mr. Hu a ngQu nfo r assistanceinthe
data cone ctio n. W etba nk thc M e(e or o】 gic al Burea u andT he Ge n er alHydrologicalStatio n ofQirlghai
Pr o vin c eto pro videthe obse rved clim aticdata a nd hydr ologlCal data.
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